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Abstract:  This  memorandum  is,  in  a  sense,  a- continuation  of 

OCHD  Report  lie.  5744,  but  is  at  the  same  time,  a  re¬ 
cord  of  the  non- routine  -work  done  with  the  Impact 
Machine  "by  the ' High  ■  Explosives  Sect ?.cn  over  a  two- 
year  period  except  for  gas-collection  experiments, 
which  will  he  described  in  n  separate  tie  more,  nd  urn  6 

After  describing  .the  machine  and  tools'  employed, 
the  basic  test  procedure?,,  method  of  treating  dat.-a', 
sample  preparation,  and  leading  method  are  briefly ’  , 
reviewed,  The  electronic  method  of  evaluation  of 
test  results,  newly  adopted  at  NGL,  i?  described  in 
detail  in  an  appendix  prepared  by  its  designer,' 

S.  J.  Jacobs,  Preliminary  studies  of  this  elec™ 
tronic  noise  indicator,  as  used  with  the  impact 
machine,  are  then  reported:  those  enable  a  suitable 
choice  of  standard  noise  level  cut- off  to  be  rna def¬ 
using  this  evaluation  technique,  a  systematic  series 
of  120  fifty- shot  "up  and  down*'  runs  are  then  re¬ 
ported,  which  were  made  ■••i th  six  different  explosive 
sampler.  These  data  are  then  considered  and  analyzed 
from  a  number  of  point?  of  view.  It  i?  shown  that  in 
general,  separate  determination?  of  50)  i  points  with 
these  techniques  are  subject  to  errors  not  included 
in  the  AJI-  method 5  ?  estimate  of  error,  but  that  by 
making  comparisons  in  "group-  tests1’’ ,  the  estimated 
errors  in  the  ratio?  of  $0%  point ? ,  * provided  by  the 
AMP  method,  are  adequate -to  describe  the  result?* 

Of  the  5:ix  explosives  studied.' five  give  normal  dis¬ 
tributions.  (cumulative)  of  percent  explosion  against 
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with  a  number  of  miscellaneous  eons' derations? 
e  „  g  0 ,  ti  e  effect  of  sample  weight  on  $0'/l  point » 

Foreword?  This  report  is  intended  to  collect  in  one  usable 
source  the  results  of  oui Impact- test  research 
for  a  two  year  period.  The  data  and  factual  state¬ 
ments  are  believed  to  be  accurate,  and  the  opinions 
are  the  well-considered  cues  of  the  authors.  The 
Naval  Ordnance  Laboratory  is  not  committed  to  en¬ 
dorse  either* 


Refs: 


Ends: 


(a)  DSHD  Report  No.  574-4!  Physical  Testing  of  Ex¬ 
plosives,  Part  II, 

(b)  Division  R,  NDRC,  Inter  in  Resorts  FT- 29,  p.24, 
ff;  PT-30,  p.15,  ff i and  PT-32.  p.21.  ff. 

(c)  A.M.P.  Report  No,  101, 1R;  ftatistical  Analysis 
for  a  New  Procedure  in  Sensitivity  Experiments. 

(d)  Division  3,  NDRC ,  Interim  Report  PT-25,  p .22, 
ff . 

(e)  Division  8,  NDRC,  Interim  Report  PT-26,  p.14, 
ff. 

(f)  Statistical  Method s  for  Research  Workers, 

R.  A.  Fisher,  Tenth  Edition,  Oliver  and  Boyd. 
(1946). 

(g)  NavOrd  Report  85-46, p, 81, ff * 

(h)  Effects  of  Non-normalLty  upon  Staircase  Methods 
of  Sensitivity  Testing,  by  D.  F.  Votaw,  Jr. 
Statistical  Research Sroup,  Princeton,  New  - 
Jersey. 

(i)  IfavOrd  Report  65-46; "Staircase  Methods  of 
Sensitivity  Testing", 

(j)  "The  Use  of  Electrical.  Cables  ,rith  Piezoelectric 
Gages",  R,  II.  Cole,  NORC  Report  A-306,  CSRD  4561. 

(k)  "Electrical  Instruments  for  Study  of  Underwater 
Explosions  and  other  Transient  Phenomena"} 

R.H.  Cole,  Do  Stacey,  P.0U.  Frown,  NDRC  Report 
A- 3 60 ;  OSRD  623S- 

(A)  Appendix  1.  "The  Electronic  Noise  Indicator 
for  the  Impact  Machine",  by  C •  J.  Jacobs. 

(B)  Tables  I  -  III. 

(C)  Plates  I  and  A-I.(N<ft  Sk  B-67695) 


I,  Introduction 

The  results  ot  four  years'  study  and  development  of 
laboratory  Drot>  ’'.eight  Impact  Test  Machines  are  contained  in 
the  report  of  reference  (a)*  This  report  extends  the  work  of 
that  referei.r.o,  and  has  been  written  upon  the  assumption  that 
reference  (a)  v'ill  be  available  or  familiar  to  the  interested 
reader.  Cue  of  the  337-cm.  drop  machines  fro.?  the  R.R.L.  has 
been  acquired  by  the  Explosives  Division  of  t/ie  Research  De^ 
partment  at  the  NCR,  and,  equipped "  1th  the  ERR  Type  12  tools, 
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ha  ••  been  subjected  tu  a  per  for  roar  ce  study  during  the  past 
two  years.  Almost  from  the  outset  in  its  use  at  the  !fOL 
this  machine  has  been  employed  with  an  electronic  “noise- 
meter'1,  to  be  described  in  this  memorandum  (See  also  ref¬ 
erence  (a)  p.22,  ff.)."  V/ith  such  a  device  presumably  elim¬ 
inating  those  causes  of  systematic  error  associated  with  the 
observer’s  Judgment  of  the  result  of  a  single  drop-test, 
homogeneity  or  stability  tests  of  the  sort  described  for  RUX 
in  reference  (b)  have  been  carried  out  on  a  variety  of  explo¬ 
sives.  Such  tests  have,  however,  been  broadened  in  scope  by 
study  of  extended  series  of  two- member  group-tests,  so  that 
not  only  the  stability  of  50$  explosion  heights,  but  also  of 
their  ratios,  can  be  inspected.  These  extended  series  of  50- 
shot  tests  have,  moreover,  been  so  connected  that  they  supply, 
at  the  same  time,  1000-shot  tests  of  six  explosives.  With 
such  large  numbers  it  becomes  possible  to  consider  with  more 
meaning  the  distribution  functions  generated  in  these  tests, 
and  to  make  distinctions  among  the  population  standard- 
deviations.  These  possibilities  now  also  permit  a  more  ra¬ 
tional  discussion  of  the  choice  of  “percent- points”  to  be 
determined  in  general  sensitivity  testing.  During  the  period 
of  study  covered  by  this  memorandum,  there  have,  of  course, 
been  carried  out  a  large  number  of  purely  routine  sensitivity 
comparisons  of  various  explosive  samples;  these  have  been,  in 
general,  of  purely  local  or  special  interest,  and  will  not  be 
considered  here* 

II.  Apparatus  and  procedure 

A.  Impact  Caching 

The  NOL  machine,  received  from  12RL,  is  briefly  de¬ 
scribed  in  reference  (a)  and  is  drawn  in  detail  in  the  follow¬ 
ing  HOL  Sketches: 

ircr./SK  a-  6387?  to  a- 63922 
ror/BK  n-98874  to  B-98903 

NOT./PK  C-96249  to  C-9626I 


NGT/SK  D-97375  to  D- 9  73 79 
Ass c-mbly- IIOI./KK  P-  9 73 78 


The  above  drawings  show  the  machine  equipped  v ith  a  gas- 
collection  chamber,  vfrtich  h:  s  not  been  used  In  the  studies 
reported  in  this  memorandum.  The  tools  used  are  shown  in 


NGL/SX’s  80774* "  80775,'  W69 ,  85470,  87434  88055,  80003, 

89004,  02767,  96942,  and  97025,  while  details  of  the  concrete 


bedding  arc  shovn  in  ?XI,/SK~9'>9?6.  Mthough  these  drawings 


•  specify  a  dr op- weight  of  either  2.5  or  5  kg.,  the  former  has 


been  used  exclusively  in  the  work  reported  here. 
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The  basic  unit  test  employed  in  this  work  has  boon 
made  by  the  ^O- trial  A.I’.r.  "Up  and  Down”  method  using  test, 
heights  equally  spaced  in  the  logarithm  of  the  height,  on  a 
0*1  log  unit  interval.  The  results  have  been  analyzed  by  the 
method  of  reference  (c).  The  application  of  this  experimental 
procedure  and  method  of  analysis  to  the  ERL  Type  12  machine 
has  been  described  In  considerable  detail  In  reference  (d) » 
Such  discussions  need  not  be  reproduced  here.  The  nomencla¬ 
ture  and  significance  of  symbols  employed  In  this  memorandum 
trill  be  uniform  with  these  of  references  (a)  through  (d),  and 
are  briefly  as  follows: 

m  -  the  explosion  height  on  the  normalized 
(logarithmic)  scale. 

h  -  the  5056  explosion  height  In  centimeters . 

O'  *  the  estimated  standard  deviation  of  the 
parent  population. 

On  -  the  estimated  standard  error  of  m. 

Ocr-  the  estimated  standard  error  of  <f 
C.  Sample  Preparation 

Those  materials  which  are  normally  cast  loaded  are 
prepared  for  test  by  casting  out  in  a  thin  sheet,  gently  grind¬ 
ing  in  a  mortar,  and  screening.  The  test  sample  is  a  mixture 
of  equal  weights  of  the  16-30  and  30^50  TJ,  S.  Standard  Sieve 
cuts.  Other  materials  which  cannot  be  cast,  such  as  RDX,  PETN, 
Explosive  D,  etc.,  are  normally  tested  as  received. 

Lga^ns 

In  routine  testing,  samples  are  loaded  into  the 
machine  for  test  op  a  volumetric  basis,  using  small  scoops. 

For  sensitivity  comparisons,  test  weighings  are  first  made 
and  scoop-sizes  chosen  so  that  samples  of  each  explosive 
weighing  35  ±  2  mg.  are  delivered.  For  most  of  the  purposes 
of  the  studies  reported  here  the  average  scoop  weight  Is  of 
no  special  importance  (except  see  Section  III  E)  • 

E*  Evaluation  of  Ind_lvldJial_Trlglg. 

For  all  sensitivity  tests  reported  here,  the  de¬ 
cision  that  the  result  of  a  given  trial  was  an  "explosion'1 
or  an  "inert"  has  been  made  by  the  electronic  noise  indica¬ 
tor,  or  "nolsemeter",  which  is  described  in  detail  in  enclo¬ 
sure  (A)  of  this  memorandum. 
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stability  of  results  made  with  the  Type  12  machine  were 
rather  qualitative  ones  (reference  (e)».  With  an  explosive 
sc.  sensitive  that  there  was  no  interpretation  problem  (e,ga 
PLTN.  as  shown  in  Figure  1)  some  work  was  done  with  the  ERL 
Typo '3  machine  (reference  (b),  which  showed  that  even  in  the 
absence  of  interprets tional  difficulties,  a  series  of  50# 
heights  did  not,  in  general,  show  as  small  a  variance  as 
would  be  expected  from  the  C  m- values  calculated,  With  the 
grosser  aspects,  at  any  rate,  of  the  interpret t-ion  problem 
solved  by  the  electronic  noise  indicator,  it  has  seemed 
proper  to  extend  studies  like  those  of  reference  (b)  to  the 
Type  12  machine. 

2*  Plan  of  the  Experiment 

Three  pairs  of  explosives  were  selected  for 
tests.  A  series  of  twenty  group-tests  was  made  with  each 
pair,  each  group- test  consisting  of  the  alternate  firing  of 
the  two  explosives  until  a  total  of  50  shots  had  been  made 
on  each  sample.  One  additional  condition  was  observed  for 
each  pair  -  each  test  after  the  first  was  a  continuation  of 
the  previous  test.  In  this  way  the  twenty  50*  shot  tests  of 
each  explosive  also  constituted  one  1000- shot  test.  The 
pairs  chosen  were  RDX-I'ETN,  Composition  B  -  Composition  B. 

D-2,  and  Composition  A-3-HBX,  The  RDX,  PETi:,  and  Composition 
A«3  rare  tested  as  received,  while  the  other  samples  were 
east  and  screened  to  standard  grist  (£ee  Section  II  C). 

Roughly  two  group- tests  were  made  each  day. 

3«  Experimental  Re suit a 

The  detailed  results,  calculated  by  the  pro¬ 
cedure  of  reference  (c),  are  presented  in  Table  II;  pairs 
comprising  a  group-test  bear  the  same  test  numbers,  and  the 
-«nal  row  contains  the  analysis  of  the  complete  data,  treated 
as  one  1000-shot  run.  In  a  few  cases  the  Table  states  "Too 
small  to  calculate”;  this  means  that  the  estimates  were  found 
to  be  too  small  to  calculate  by  the  procedures  of  reference  (c). 
vfe  shall  now  consider  the  meaning  of  these  results. 

4,  Homogeneity  of  m- Values 

The  six  series  of  m- values  were  first  tested 
for  homogeneity  by  the  procedure  of  reference  (c) ,  p.  2o, 
ignoring  the  fact  that  they  were  really  generated  as  three 
series  of  paired  values.  The  results,  in  the  nomenclature  of 
reference  (c),  are: 
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ar.Jcsj-.ci 

.  Ju 

SlLiaLlnmll  Or  (la  level) 

p:ltn 

31  o  52 

19 

32,79 

40,39 

RDX 

54,69 

19 

32,79 

40,39 

Comp.  A— 3 

82.63 

17 

30.02 

37.29 

Comp,  B 

69,07 

18 

31,41 

38.85 

HHX 

54.21 

18 

31,41 

38.85 

Comp,  B,  D-2 

83,27 

18 

31,41 

38.85 

The  above  numbers  show  that  only  the  PSTN 
at  the  5#  and  l/>  significance  levels,  all 

series  Is  homogeneous 
other  series  being 

inhomogeneous  at  both  significance  levels.  In  the  light  of  the 
insensitivity  of  the  F15TN  m-values  to  changes  in  noisemeter 
gain,  as  shown  in  Figure  I,  one  might  be  tempted  to  attribute 
these  results  to  uncontrolled  gain  fluctuations  in  the  noise* 
meter;  actually,  however,  this  does  not  seem  to  be  a  Justifi¬ 
able  conclusion*  If  it  were  correct,  one  would  expect  a  regu¬ 
lar  deterioration  in  homogeneity  with  decreasing  sensitivity, 
which  Is  not  found.  Moreover  the  inhomogeneities  reported  for 
RDX  in  the  first  t’-o  reports  of  reference  (b)  were  obtained 
under  circumstances  where  the  constancy  of  result  evaluation 
could  not  be  suspected.  Y7e  believe,  therefore,  that  although 
such  homogeneous  series  may  occasionally  occur,  one  must  antic¬ 
ipate  that  with  this  machine,  in  its  present  condition  and  mode 
of  operation,  the  generation  of  inhomogeneous  series  will  be 
the  rule  -  i.e.,  there  are  uncontrolled  sources  of  error  Hhich 
elude  estimation  in  the  determination  of  (T  jjj  in  one  50-shot  run. 

5,  Hgaassnalte -g L  .P,lf£eE,ans§  s  jji  jfeSeiaaa 

Next,  the  analysis  actually  proper  under  the 
experimental  circumstances  was  made;  i.e.,  the  stability  of 
the  differences  of  the  m-values  obtained  in  the  two  member 
group  tests  was  studied.  Results  analagous  to  those  of  the 
previous  section  are: 


Qr  (calc) 

L 

Qr  level) 

RDX  -  PSTN 

19,59 

19 

32,79 

24074 

17 

30.02 

19,07 

16 

28,61 
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The  above  numbers  show  that  each  of  these  three 
series  of  differences  is  homogeneous  at  the  %  level.  By 
combining  these  three  Qr^s  (as  one  combines  X^  values  - 
see  reference  (f),  p.Bl)  it  nay  further  be  shown  that  not 
only  are  these  series  homogeneous  individually  at  the 
level,  but  also  that  they  are  homogeneous  at  the  same  level 
as  a  group.  It  should  be  remarked  that  these  pairs  of  ex¬ 
plosives  were  chosen  to  be  at  least  roughly  comparable  in 
sensitivity,  but  are  otherwise  quite  various.  BDX  and  F7.TN 
are  both  pure  crystalline  compounds,  Composition  B  and  Com¬ 
position  B,  D-2  differ  only  in  the  added  desensitizing  rax 
present  in  the  latter,  while  Composition  A-3  is  a  waxed  BDX, 
and  HEX  is  an  aluminum-bearing  explosive  mixture,  V.'e  may 
therefore  conclude  that  when  pairs  of  explosives  (and  pre¬ 
sumably  larger  groups)  are  tested  together  (for  larger  groups 
a  truly  randomized  arrangement  would  be  preferable),  the 
estimates  of  error,  provided  by  the  methods  of  reference  (c), 
are  appropriate  for  use  in  significance  tests  within  the  group. 
That  this  if  true  in  general,  particularly  where  a  group  con¬ 
tains  members  of  widely  varying  sensitivities,  has  not  been 
shown,  hut  in  actual  fact  one  is  really  interested  only  in 
significance  tests  and  estimates  of  error  when  comparing  ex¬ 
plosives  of  nearly  equal  sensitivity,  so  for  all  practical 
purposes  the  demonstration  is  general. 

C.  Normality  Studies 

The  logarithmic  normalized  height  scale  vms  first 
adopted  at  ERL  after  a  series  of  experiments  suggested  not 
only  that  it  appeared  to  give  more  nearly  normal  distributions 
of  the  probability  of  explosion  than  the  heights  themselves, 
but  particularly  when  it  appeared  that  the  CT#s  which  were 
obtained  us4  »  the  logarithmic  scale  were  essentially  equal 
for  all  explosives  (see  reference  d).  A  much  more  extensive 
series  of  experiments  made  later  (reference  e)  under  circum¬ 
stances  which  permitted  testing  the  data  for  normality  on 
both  the  logarithmic  and  unmodified  height  scale  assumptions 
showed  that  neither  one  was  best  for  all  samples  tested,  *he 
six  series  which  have  been  determined  in  these  studies  may  be 
analyzed  as  1000  shot  runs,  and  tested  for  normality  by  the 
procedure  of  reference  (c),  p«  29,  ff«  (as  corrected  in  the 
errata  sheet).  The  pertinent  results,  in  the  notation  of 
reference  (c),are: 
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L 

_xL 

X2  (3*  level) 

X2  (la  level) 

PKTN 

2 

1.985 

5,991 

9.210 

REX 

2 

1.505 

5.991 

9.210 

Comp.  A- 3 

2 

3.520 

5,991 

9.210 

Comp.  B 

2 

10.250 

5.991 

9.210 

HBX 

3 

5.570 

7.815 

11.345 

Comp.  B,  D-2 

3 

3.527 

7.815 

11.345 

These  data  show  that  all  of  the  explosives  except 
Composition  B  give  distributions  normal  in  the  logarithm  of 
the  height  at  the  %  level,  but  that  Composition  B  deviates 
from  normality  even  at  the  1#  level;  this  deviation  must  be 
admitted  as  significant,  but  does  not  seem  to  be  correlated 
with  an  especially  high  Qr  in  the  tabulation  of  Section  III 
B  4.  Viewed  as?  a  whole,  however,  these  data  do  seem  to  con¬ 
form  reasonably  to  normality  in  the  logarithm  of  the  height, 
and  the  use  of  this  scale  remains  of  great  practical  value* 
Attention  is  directed  In  this  connection  tc  the  recent  re¬ 
port  of  reference  (h),  which  discussed  the  effect  of  departure 
from  normality  upon  the  estimates  of  population  parameters 
provided  by  these  "Staircase"  experiments* 

D,  Population  Standard  Deviations 

In  references  (b)  and  (d),  series  of  many  O'  values 
determined  for  various  explosives  were  studied.  These  were 
obtained  in  50- trial  tests,  and  were,  accordingly,  not  known 
with  great  accuracy.  Determined  with  the  aid  of  the  logarith¬ 
mic  height  scales,  they  appeared  in  general  to  constitute  a 
homogeneous  set  of  statistics  fin  the  sense  of  the  homogeneity 
test  of  reference  (c),  p,  26).  The  precision  with  which  the 
1000  shot  runs,  performed  here,  determine  O'  is  great  enough  so 
it  Is  of  interest  again  to  consider  this  natter. 

The  following  pertinent  data  are  reproduced  from 

Table  II: 


Explosive 

cr 

o<$ 

RDX 

0.1123 

0.00717 

PETN 

0,1343 

0.00910 

Comp.  D 

0.1306 

0.00874 

Comp.  B,  D-2 

0.1324 

0.00891 

HBX 

0.1894 

0.01450 

Comp,  A- 3 

O0O87O 

0o00519 
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Comparisons  certainly  must  be  valid  among  the  pairs 
of  (T -values  determined  in  one  two- member  group  test,  ’.Vhen 
so  made,  the  O'  -values  for  KDX  and  PJSTN  and.  for  Composition  B 
and  Composition  B,  D-2  are  not  distinguished  as  different  at 
the  %  level,  while  the  (J  -values  for  HEX  and  Composition  A- 3 
are  readily  distinguished  as  different  at  the  same  level.  Com¬ 
parisons  among  all  six  values  are  perhaps  less  valid,  but  may 
well  be  meaningful  for  such  long  runs.  The  whole  set  of  six 
Is.  of  course,  not  a  homogeneous  set  in  the  sense  of  reference 
(c),  p.  26.  but  the  first  four  CT-values  are?  the  Composition 
A— 3  value  is  significantly  smaller  than  their  average,  while 
the  HrX  value  is  significantly  greater.  The  practical  meaning 
of  these  results  is  that  whereas  the  first  four  explosives  may 
be  said  to  have  displayed  sensitivities  in  this  test  which  may 
be  characterized  simply  by  stating  their  m-values  or  50/J  explo¬ 
sion  heights,  the  latter  pair  do  not;  their  relative  sensitiv¬ 
ities  depend  up  the  severity  of  the  blow  to  which  they  are  sub¬ 
jected  (or  to  the  "percent-points"  at  which  they  are  being  com¬ 
pared,  to  choose  the  alternative  basis  of  comparison).  This 
situation  is  not  really  unexpected  nor  even  discouraging;  in¬ 
deed  were  all  C  -values  the  same,  one  v^ould  begin  to  doubt  that 
they  were  actually  related  at  all  to  the  characteristics  of  the 
explosive,  being  simply  a  measure  of  the  lack  of  reproducibility 
in  the  blow  of  the  machine.  It  is  not  clear  from  these  results, 
moreover,  that  the  sensitivity  ordering  at  any  one  "percent- 
point"  is  more  nearly  related  to  "service  sensitivity"  than 
that  obtained  at  any  other,  but  the  meaning  of  the  whole  sensi¬ 
tivity  curves,  especially  as  larger  and  more  realistic  devices 
for  simulating  accidental  initiation  by  impact  are  developed, 
may  become  clearer  in  the  future,  and  nay  well  aid  in  under¬ 
standing  the  many  puzzles  of  sensitivity 0 

Using  Composition  A- 3  and  Hr<X,  determinations  of 
"percent- points"  other  than  50j*»  points  have  been  made  by  us, 
using  the  methods  outlined  in  reference  (i).  Generally  speak¬ 
ing,  these  methods  were  all  satisfactory,  and  were  in  adequate 
agreement  among  themselves.  Me  are  not,  however,  impelled  to 
choose  any  of  the  new  ones  in  preference  to  the  AMP  "Up  and 
Down"  methods « 

11.  Miscellaneous  Studies 

1  a  Causes  of  Inhomogeneity  of  m»  Values. 

Feal  physical  variations  in  the  mechanics  of 
this  impact-test  must  cause  the  Inhomogeneities  found  in  Sec¬ 
tion  III  B  4  of  this  memorandum.  Me  have  kept  records  of  the 
temperatures  nnr  c-f  the  humidities  in  the  test  room,  but  have 
not  been  able  tc  find  any  significant  correlation  between  them 
and  the  m-values.  Another  possible  source  of  some  of  these 
variations  does  seem  to  have  been  detected;  this  is  excessive 
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wear  of  the  plungers.  Because  of  the  relatively  great  sta¬ 
bility  of  the  Type  12  tools,  where  no  close  dimensional  tol¬ 
erances  need  be  held,  v;e  had  fallen  into  careless  habits, 
using  plungers  until  they  developed  pronounced  rings  on  their 
flat  faces.  In  the  Composition  P,  Composition  B,  D-2  series 
(Table  II),  for  example,  plungers  were  changed  in  the  middle 
of  tests  3*59  and  3-68,  and  after  tests  3-63  and  3-71}  each 
such  change  was  follov/ed  by  a  pronounced  drop  In  the  50 % 
point.  Three  JO- shot  tests  were  then  made  with  Composition 
B,  D~2,  as  follows:  In  test  4-1 A  a  rerurf need , . highly  polish¬ 
ed  ^lunger  vap  used;  in  test  4-1E  a  similar  plunger  slightly 
“roughed  up’*  with  emery  cloth  was  used;  and  in  test  4,ic  a 
used  plunger,  having  a  well  developed  ring  and  a  rough  surface, 
was  used.  The  results  follow: 


Test 

m 

h(cm) 

<r 

r'r* 

'  6V 

4-1 A 

1.9967 

99.2 

0.0709 

0.0154 

0.0185 

4®  IB 

1*9950 

9808 

0.1858 

0.0351 

0.0631 

4— 1C 

2.0J08 

112 

Or,  1220 

0.0244 

»'W  jC  5 

Thore  are  no  distinctions  made  by  these  results,  but  it  is 
interesting  to  note  that  the  highest  result  was  obtained  with 
the  worn  plunger# 

Accordingly,  in  the  next  series,  ( TOC-Compos it ion 
A-3),  plungers  were  changed  regularly:  these  changes  are  in¬ 
dicated  in  Table  II#  Unhappily,  If  the  starred  and  unstarred 
data  are  tested  separately  for  homogeneity,  they  are  found, 
still  to  be  inhomogeneous.  Thus,  although  regular  replacement 
of  plungers  does  appear  to  be  helpful.,  no  complete  explanation 
has  been  found  for  the  variations  discovered. 

2.  Dependence  of  50#  Point . on. .g armle_;> IgM 

Reference  (a)  presents  information  concerning 
t)u»  dependence  of  J0>  points  on  sample  weight  for  the  Type  3 
machine  (p.13).  Analogous  studies  have  now  been  made  with  the 
Type  12  machine.  Five  explosives,  covering  the'  sensitivity 
range  of  the  machine,  viz,  FETE,  Ts-tryl,  Composition  A-3, 
and  TNT  were  tested  in  individual  JO- shot  runs.  The  da ca  ere 
presented  in  Table  III# 

For  reasons  which  are  uuK'nown,  the  uIX  da  us.  are 
very  badly  scattered,  while  the  values;  o  ots  ins  cl  ior  Composition 
A- 3  and  TFT*  are  unusually  low.  All  except  the  Rib  data  seem  ^ 
suitable  for  a  determination  of  slops  however.  An  equation  oi 
the  form 


Best  Available  Copy  ax  ■+ 
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v/as  assumed  '-'here  yam  and  x  s  log, 
b  were  determined  by  a  modified  lees 
which  the  quantity  minimized  was 


Lsa 


sample  weight,  a  and 
squares  procedure  in 


That  is,  the  data  were  weighted  inversely  as  the  squares  of 
their  attendant  standard  errors.  This  procedure  gives* 


m  8  0.6185 
m  :  0,55$? 
m  z  0.593ft 
m  2  0.4827 


x  ♦  0,1547 
X  +•  0.5213 

X  -h  0.7740 
X  +  1.1428 


(PSTN) 

(TKTRYL) 

(Composition  A-3) 
(TNT) 


Thus  the  slopes  are  not  greatly  different  for  these  four 
materials;  accordingly  sensitivity  comparisons  do  not  appear, 
with  this  machine,  to  be  greatly  influenced  by  choice  of 
sample- vreight ,  provided  the  same  sample  weight  is  used  for 
all  materials  under  comparison. 


3.  Actors.  Contributing  to  CT 

Such  values  of  C* as  are  determined,  for  ex¬ 
ample.  by  treating  the  data  of  Table  II  as  1000-shot  runs, 
contain,  in  all  probability,  contributions  made  l-y  many  fac¬ 
tors.  One  such  contributor  is  the  same  complex  of  enures 
which  leads  to  Inhomogeneity  in  these  data  wher.  analyzed  con¬ 
secutively  as  50  shot  runs.  This  contribution  could  ce  assess¬ 
ed  by  appropriate  analysis  of  the  data  of  Table  II,  but  since 
wo  do  not  understand  the  nature  cf  the  complex  of  causes,  it 
is  not  especially  practical  to  evaluate  their  effects  in  this 
v/ay.  the  whole  practical  content  of  the  results  being  actually 
contained  in  the  method  (Section  III  B  4)  of  avoiding  these 
effects. 


Another  possible  contributor  to  Q' is  suggested 
by  the  previous  section,  namely,  the  variation  in  sample 
weights  obtained  by  volumetric  loading.  Fifty  scoops  each  of 
TNT  and  RDX  vrere  weighed.  The  overage  weights  were  found  to 
be  31.4-  and  30.6  rag.,  with  population  standard  deviations  of 
2,1  and  1.6,  respectively.  On  the  basis  of  an  average  standard 
deviation  of  2.0,  of  sample  vreight  end  the  average  of  the 
coefficients  of  X  in  the  equations  cf  the  previous  section,  one 
would  expect  n  contribution  of  about  0.015  to  fT  from  such  causes. 
A  few  50* shot  comparisons  have  been  made  bstvreen  weighed  and 
volumetrically  loaded  samples,  but  these  runs  were  too  short  to 
reveal  any  differences, 

Another  possible  contributor  to  .y  is  the  lack 
of  reproducibility  in  the  physical  arrangement  of  the  explosive 
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grains  between  the  tools,  A  few  preliminary  experiments  on 
samples  prepared  as  cast  wafers  have  not  yet  revealed  any 
real  decrease  in  .T  obtainable  by  this  method  of  securing 
physical  uniformity* 


Its.  S.  Duck,  Ordnancenan  3/c,  operated  the  machine 
during  the  course  of  these  experiments.  Her  patience  and 
attention  to  .detail  contributed  much  to  the  progress  of  the 
work  o 


L.  C «  Smith 
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Enclosure  (A) 


ATFMJIX  1 

Bifl_Elg<rtr9nlc  HqIsa.  Indicator,  for  the  Impact  Machine 


The  noise  indicator  or  •’noisemeter" ,  as  this  device  Is 
usually  called,  Is  a  device  which  gives  a  visual  signal  to 
indicate  whether  a  given  noise  from  the  impact  test  is  above 
or  below  a  given  reference  level.  The  instrument  uses  a 
piezoelectric  microphone  (Rochelle  salt  type)  essentially  as 
a  peak  pressure  device.  The  pressure  signal  incident  on  the 
microphone  produces  n  charge  on  the  microphone  which,  within 
the  frequency  limits  of  the  microphone,  is  proportional  to 
the  pressure.  This  charge  produces  a  voltage  which  is  pro¬ 
portional  to  the  charge  across  the  capacitance  of  the  micro¬ 
phone.  a  padding  capacitor  used  for  calibration,  and  the 
associated  input  circuit  capacitance.  The  voltage  is  ampli¬ 
fied  so  that  an  output  of  about  40  volts  is  obtained  to  cor¬ 
respond  to  the  voltage  produced  by  the  microphone  at  the  de¬ 
sired  reference  level.  The  amplified  voltage  is  used  to 
trigger  a  small  thyratron  biased  to  about  40  volts  below  the 
triggering  voltage.  Triggering  the  thyratron  causes  a  neon 
glow  lamp  to  light,  thus  indicating  that  the  peak  sound  level 
actuating  the  microphone  exceeded  the  reference  level  select¬ 
ed.  A  sound  level  below  the  reference  level  fails  to  trigger 
the  thyratron  and  so  fails  to  light  the  neon  indicator  lampc 
The  circuit  is  arranged  so  that  the  only  variable  not  under 
the  control  of  the  operator  is  the  response  of  the  microphone* 
This  response  may  be  a  function  of  the  ambient  temperature. (1) 
Operational  control  is  achieved  by  introducing  the  calibrating 
signal  at  the  input  of  the  amplifier.  The  calibrating  signal 
is  introduced  ns  a  Q  calibration' 2'  (Q  •  quantity  of  charge) 
which  then  calibrates  the  instrument  for  microphone  output  in¬ 
dependent  of  capacity  in  the  microphone  circuit.  Triggering 
at  the  desired  level  is  accomplished  by  adjusting  the  amplifier 


(1)  Recently  two  types  of  crystal  mixes  having  low  temperature 
coefficients  have  beer  commercially  introduced.  One  uses 
ammonium  dihydrogen  phosphate,  the  other  a  ceramic  of 
barium  titanate.  Either  type  in  this  application  might 
need  an  additional  amplification  stage, 

(2)  For  more  details  of  the  Q  calibration,  see  references  (j) 
and  (k)<> 
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In  thi9  diagram: 

Cm  ■  microphone  capacitance 

«  Line  and  stray  circuit  capacitance 

C0  «  calibration  capacitance  (*  Cm  r  Ci) 

Rc  •  resistor  across  vhich  calibration  voltage 
Ec  is  developed 

Rg  •  grid  resistor 

Kg  *  voltage  input  to  amplifier 

Bq  »  calibration  voltage 

Q  *  charge  developed  by  microphone  for  a  given 
acting  pressure,  p. 

The  microphone  may  be  considered  as  a  charge  generator  in 
parallel  M.th  a  capacitance,  C«.  When  a  pressure  acts  on 
the  microphone  the  charge  developed  is: 


Q  s  r  a  p 

If  p  a  p(tlme)  then  Q  (t)  is  a  linear  function  of  p(t)  within 
the  limits  of  the  linear  response  range  of  the  microphone,  K 
is  the  piezoelectric  constant  and  A  is  the  gage  area*.  Y  is  a 
function  of  temperature  but  in  this  application  the  tempera* 
ture  coefficient  seems  small  enough  to  be  neglected  for  the 
ambient  range  normally  encountered*. 


The  voltage,  Eg,  developed  by  the  sound  pressure  p  is: 


E 


JLAjbl 


St®  Cjjj  ^  Cj  t  Cc 

(In  this  equation  Ec  is  aero  and  the  effect  of  Rc  and  Rg  may 
bo  neglected  because  Rc  is  very  small  and  Rg  is  very  large.) 

For  calibrj.tion;  ?.  voltage.  Fc ,  is  applied  as  a  square 


* 


In  this  connection  it  might  be  stated 
is  far  from  -an  ideal  material  for  tha 
it  has  a  Curia  point  at  24°C.  If  more 
sired  it  uonit  tv  vrell  to  invest i.e-.te 
such  ft  AD?  c’  tourmaline 


that  Roche 1 
microphone 
precision 
other  FA'. 


Is  salt, 
because 
viere  d©*> 
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In  operation  a  standard  capacitance  C-  is  plugged  Into  the 
calibrator.  Ec  Is  selected  and  the  gain  is  set  so  the  Instru¬ 
ment  just  triggers  when  E*.  Is  switched  in*  This  then  estab¬ 
lishes  a  minimum  level  for  triggering  by  the  microphone  given 
by  i 

•  %m  •  Egc 
Them 

Ptrigger  * 


In  this  equation  all  circuit  variables  have  been  eliminated 
except  the  calibrating  voltage  and  capacity.  It  is  thus 
possible  to  reproduce  trigger  settings  independent  of  varia¬ 
tion  of  microphone  cable  length  or  variation  of  microphone 
capacitance. 


*  There  is  some  evidence  that  the  change  of  capacitance  of  a 
Rochelle  salt  crystal  somewhat  parallels  its  change  of 

?iezoelectric  constant.  This  v/ould  make  a  Q  calibration 
ess  satisfactory  than  a  voltage  calibration  for  this  type 
of  microphone.  Actual  tests  with  the  impact  machine  over 
a  rather  wide  range  of  ambient  temperature  have  indicated 
satisfactory  agreement  of  50/»  points  however.  An  idea  of 
the  probable  magnitude  of  the  temperature  effect  on  the 
Eochelle  salt  microphone  may  be  gained  from  some  date  in. 
HOLM  5125  on  a  Brush  Hydrophone.  This  showed  the  following 
response  (approximate) ,  at  30  and  1J0  cycles  as  a  function 
of  T. 


CONFIDENTIAL 


17 


nci.it  10*003 


Notes  on  Operations 

1*  It  should  be  noted  that  the  calibrated  level  for 
triggering  Is  proportional  to  EgC*  and  not  just  Eg.  However 
after  selecting  a  given  value  of  Cc,  Ec  then  naturally  is  a 
measure  of  the  trigger  level. 

2*  The  meter  marhed  .?.V,  on  the  schematic  is  f unda-  - 
mentally  an  0-1  milliampere  meter.  It  is  used  with  a  3  posi¬ 
tion  switch,  f>w2.  In  switch  position  X  it  shows  Eg  across  a 
10  ohm  resistor  and  therefore  gives  a  range  of  Ec  from  0  to 
10  millivolts.  In  switch  position  2,  Eg  is  across  a  100  ohm 
resistor  and  the  meter  then  reads  a  range  of  Ec  from  0  to  100 
millivolts.  In  switch  position  3  the  meter  is  a  0  to  100 
voltmeter  used  to  measure  the  voltage  on  the  cathode  of  V4 
for  adjusting  the  thyrntron  bias. 


£.  J.  Jacobs 
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Enclosure  (B) 


TABLE  1 


Explosive 

20  mv, 
ffljQiL, 

40  mv. 

E-Jill 

60  mv.  • 
E-Oil 

80  mv. 

22 _ QU- 

PETTI 

1.147(14.0) 

1.119(13.1) 

1,079(12.0) 

1.105(12.7) 

Xetryl 

1.4?5(?6.6) 

1.367(23.3) 

1.605(40.3) 

1.607(40.5) 

Comp.  B 

1.691(49.1) 

1,703(50.5) 

1.815(65.3) 

1.830(67.6) 

HJTX 

1.855(71.6) 

1.911(31.5) 

2.023(106) 

2,084(121) 

TUT 

1,965(92.3) 

2.068(117) 

2.255(180) 

2.319(208)  | 

■"m 

:3| 
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Tfists 

_ m 

.,l\W 

C 

--.Sja.. 

cv* 

3-16 

1*4469 

28*0 

0.1476 

0.0284 

0*0459 

3-17 

1*3683 

23.4 

0.1525 

0.0299 

0,0490 

3-18 

1,4042 

25.4 

0.0617 

0.0137 

0.0158 

3-19 

1.3506 

22.4 

0.0993 

0.0200 

0.0274 

3-20 

1*4028 

25.3 

0.0993 

0*0200 

0.0274 

3-21 

1.370? 

23.5 

0.1228 

0.0241 

0.0361 

3-22 

1.3506 

22.4 

0,0862 

0.0177 

0.0229 

3-24 

1.3931 

24.7 

0.0678 

0.0145 

0.0173 

3-39 

1.4373 

27.4 

0.0682 

0,0146 

0.0173 

3-40 

1.3747 

23.7 

0*0842 

0.0173 

0.0222 

3-41 

1*3988 

25.0 

0.1155 

0*0228 

0.6333 

3-42 

1.3306 

21.4 

0.0505 

0.0116 

0.0116 

3-43 

1.3586 

22.8 

0.1051 

0.0210 

0.0294 

3-44 

1.3787 

23.9 

0.0842 

0.0173 

0.0222 

3-45 

1.3627 

23*0 

0*0810 

0*0168 

0.0213 

3—46 

1.3627 

23.0 

0.0941 

0*0190 

0*0256 

3-47 

1.3787 

23.9 

0.1233 

0*0239 

0.0360 

>48 

1.3667 

23.3 

0.1217 

0*0239 

0.0356 

3-49 

1,3667 

23.3 

0.0957 

0,0193 

0.0261 

3-50 

1*3506 

22,4 

0.1254 

0.0245 

0*0370 

iooo T~~ 

shot) 

1.3777 

23*9 

0,1123 

0.00497 

0*00717 

run  ) 
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JE _ 

h(em) 

<T 

Cm 

3«fl6 

1.0841 

12.1 

0.1119 

0.0226 

3-17 

1.1008 

12.6 

0.1502 

0.0295 

3-18 

1.1379 

13.7 

0.1905 

0.0360 

3-19 

1.1133 

13.0 

O0I712 

0.0332 

3-20 

1.1532 

14.2 

0.0617 

0.0138. 

3-21 

1.0061 

12.5 

0.0657 

0.0141 

3-22 

il.lOlS 

12.6 

0.1124 

0.0223 

3-24 

1.1201  ' 

13.2 

0,0814 

0.0169 

3-39 

1.1091 

12.9 

r 

0.1625 

0.0316 

3-40 

1.1091 

12.9 

0.1221 

0,0244 

3-41 

1.0657 

11.6 

0.1087 

0*0216 

3-42 

1.0632 

11.6 

0.1376 

0.0272 

3-43 

1.0496 

11.2 

0.1513 

0.0290 

3—44 

1.0632 

11.6 

0.1376 

0.0272 

3-45 

1.0857 

12.2 

0.1347 

0.0262 

3-46 

1.0897 

12.3 

oa072 

0.0213 

3-47 

1.0817 

12a 

0.0967 

0,0195 

3-48 

1.0715 

11.8 

0.1533 

O.O3OO 

3-49 

1.0 757 

11.9 

oa4oi 

0.0276 

3-50 

1.1178 

13.1 

0.0920 

0,0187 

loboV’ 

shot) 

1.0938 

12.4 

0.1343 

0,00583 

run  ) 
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NOLI 


-CTr 

6.0325 

0.0481 

0.0652 

0.0574 

0.0159 

0.0167 

0.0321 

0.0214 

0.0534 

0.0364 

O.0308 

0.0427 

0.0475 

0.0427 

0.0407 

0.0302 

0.0265 

0.0494 

0.0437 

0.0248 

0.00910 

10,003 


IABIB  II  CCont.V 


task 

_ 

_h(om) 

<7 

©•m 

C r?- 

3-5* 

1.8150 

65,3 

0,0824 

0.0170 

« 

0,0216 

3*55 

1.8430 

69.7 

0,0733 

0,0154 

0.01*89 

3-56 

1.7950 

62,4 

0.1084 

0.0214 

0.0307 

3-57 

1,3050 

63,8 

0.0577 

0.0131 

0.0153 

>58 

1.8467 

70.3 

0.1251 

O.O250 

0.0377 

3-59 

1,8190 

65,9 

0,0808 

0.0167 

0.0212 

>60 

1,7270 

53.3 

0,1022 

0.0205 

0,0284 

>61 

1.7870 

61,2 

0.1177 

0.0231 

0.0342 

>62 

1.8050 

63.8 

0.0857 

0.0180 

0,0232 

3-63 

1,7925 

62,0 

0,0966 

0.0199 

0,0270 

>64 

I.7430 

55.3 

0.0364 

0.0177 

0,0231 

3-65 

1.7590 

57.4 

0.1276 

0.0249 

0.0380 

3-66 

1.7190 

52.4 

0.1068 

0,0213 

0,0301 

3-67 

ie75io 

56.4 

0.0885 

0.0181 

0.0238 

>68 

1,8070 

64al 

0.1100 

0,0218 

0,0312 

3-69 

1.7950 

62,4 

0,1084 

0,0215 

0.0308 

3-70 

1.7590 

57.4 

0.1663 

0,0317 

O.054O 

3-71 

1.7950 

62,4 

0,1084 

0.0215 

0.0307 

3-72 

1.6950 

49.5 

0.1472 

0,0283 

0.0459 

>73 

1,7670 

58,5 

0,1126 

0.0223 

O.O322 

Tooor 

shot) 
run  ) 

1,7812. 

60,4 

0.1306 

o<co^oa 

0.00874 

CONFIDENTIAL 


22- 


HOT,:,!  10,003' 


nm  jx.cpgat.1? 


Teat 

>5* 

B  , 

h(cm) 

cr 

J£a_ 

cr*_ 

2.0467 

111 

too  small 

to  calculate 

3-55 

2.0430 

no 

0.0602 

O.OI32 

0.0153 

3-56 

2.0310 

109 

0.0780 

0.0163 

0.0204 

1 

3-57 

2.0950 

124 

0.0692 

0.0148 

0.0177 

3-58 

2.1190 

132 

0.1068 

0.0213 

0,0301 

3-59 

2.0990 

126 

0.1482 

0.0285 

0,0464 

3-60 

2.0133 

103 

0.0845 

0.0177 

0,0228 

3-61 

1.9883 

97.3 

0.0811 

0.0171 

0.0217 

3-62 

2.0510 

112 

0.1146 

0.0226 

0.0330 

3-63 

2.0717 

118 

0.1486 

0.0291 

0.0475 

3-64 

2.0133 

103 

0.0845 

0.0177 

0.0228 

3-65 

2.0070 

102 

0.1488 

0.0286 

0,0466 

,3-66 

2.0030 

101 

0.1745 

O.033I 

0*0579 

3-67 

2.0550 

114 

0,1214 

0.0238 

0.0354 

3-68 

2.1190 

132 

0.0938 

0.0190 

0.0255 

3-69 

2.0430 

110 

0.1513 

0.0290 

0.0475 

3-70 

2.0550 

114 

0.1301 

. 0.0258 

0.0397 

3-71 

2.0508 

112 

O.IO57 

0.0215 

0.0303 

3-72 

1.9675 

92.8 

0.0898 

0*0187 

0.0247 

3-73 

2,0133 

103 

0.1251 

0.0250 

0.0377 

1000)' 
shot) 
run  ) 

2*0444 

110.8 

0.1324 

0.0058 

0,0089 

CONFIDENTIAL 
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TAEUi  II  (Cont.) 


Samagl&sa  M\ 

I&£± 

j _ 

-Mem) 

O' 

CT  m 

4-2* 

1.7430 

55.3 

0.0479 

0.0111 

0.0127 

4-3 

58.0 

4-4* 

1.8593 

72.3 

0.0816 

0.0176 

0.0225 

4-5 

1.8390 

69.O 

Too  small 

to  calculate. 

4-6* 

1.7508 

56.3 

0.0646 

0.0142 

0.0165 

4-7 

I.8050 

63.8 

0.0857 

0.0180 

0.0232 

4-11* 

1.7670 

58.5 

0.0733 

0.0155 

0.0189 

4-12 

1.7550 

56.9 

0.0823 

0,0170 

0,0218 

4-13* 

1.7470 

55.8 

0.0812 

0.0168 

0,0214 

4—14 

1.7390 

54.8 

0.0649 

0.0140 

0.0164 

4-15* 

1.7670 

58.5 

0.0864 

0.0177 

0,0230 

4-16 

1.7350 

54.3 

0.1034 

0.0211 

0.0295 

4.17* 

1.7217 

52.7 

0.0529 

0.0122 

0.0138 

4-18 

1.7830 

60.7 

0.0628 

0.0137 

0.0159 

4-19* 

1.7750 

59.6 

Too  email 

to  calculate. 

4-21* 

1.3230 

66,5 

0.0655 

0,0141 

0.0166 

4-23 

1.7925 

62.6 

0.0831 

0.0175 

0,0224 

4-24* 

1.7592 

57.4 

0.0646 

0.0142 

0.0165 

4-25 

1.7370 

.61.2 

0.0787 

0.0164 

0.0205 

4-26 

1.7330 

60,7 

0.0490 

0*0112 

0.0125 

1000) 
phot) 
run  ) 

1,7606 

58.8 

0.0870 

0.00398 

0.00519 

*  new 

(rerurfnced) 

plunger . 

CONFIDENTIAL 
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m 

last 

— a_ 

h(cm) 

cr 

CTB- 

Oc 

4-2* 

1,9430 

87,7 

0,1771 

0,0336 

0.0590 

4-3 

2,0430 

110 

0.0995 

0,0200 

0.0275 

4-4* 

2,0750 

119 

0,1214 

0.0238 

0.0354 

4-5 

2,0310 

107 

0.1250 

0.0244 

0.0369 

4-6* 

1,9425. 

87.6 

0.1304 

0.0259 

0.0398 

4-7 

2,0800 

120 

0.1161 

0.0234 

0.0342 

4-11* 

1,9870 

97.0 

0.1048 

0,0209 

0.0293 

4-12 

1.9870 

97.0 

0.1307 

O.O254 

0,0391 

4-13* 

1.9008 

79.6 

Too  small 

to  calculate. 

4-14 

1,9633 

91.9 

0.2457 

0.0466 

0,0953 

4-15* 

2,0050 

101 

0,17>9 

0.0148 

0.0615 

4-16 

1.9425 

87.6 

0,1304 

O.OP59 

0.0398 

4-17* 

1,9390 

86.9 

0.2070 

0.0389 

O.0734 

4-18 

1,9710 

93  o  5 

0.1560 

0.0299 

0.0496 

4,19* 

1,9630 

91.8 

0.1591 

O.0304 

0.0510 

4-21* 

1,9133 

81.9 

0,3124 

0.0587 

0,1345 

4-23 

1,9550 

90.2 

0.2500 

0.0464 

0.0958 

4-24* 

1,9670 

92,7 

0.0866 

0.0177 

0.0231 

4-25 

2.0258 

106 

0.1595 

0.0311 

0.0522 

4-26 

1,9758 

94,6 

0.1528 

0.0299 

0.0493 

1900) 

shot) 

V 

1.9811 

95,7 

0.1894 

0.00800 

0.01450 

run  ) 

*  i'ler/  (resurfaced)  plunger 
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lABLSJm 


Dependence  of  F 

ifty  Percent  Point  on  Sample  Vi 

eieht 

Eynloalva 

Sample 
Vv  eight 

m 

CT 

<TK 

0b* 

PETN 

20  mg. 

0*9343 

0.1796 

0.0347 

0.0614 

30 

1.0471 

0.1719 

0.0327 

0.0566 

40 

1.1791 

0.0990 

0.0199 

0,0273 

60 

1.2471 

0,0680 

0.0145 

0,0173 

80 

1.3259 

0.1326 

0,0263 

0.0407 

Tetryl 

20  mg. 

1.2551 

0.0855 

0.0179 

0.0233 

30 

1.3271 

0.1796 

0.0340 

0,0602 

40 

1.3791 

0.1766 

0.0335 

0.0588 

60 

1.5259 

0.1192 

0.0239 

0.0354 

80 

1.5843 

0,0647 

0.0143 

0.0168 

Comp*  A- 3 

20 

1.5031 

0.0571 

0.0127 

0.0148 

30 

1.6551 

0,0822 

O.OI7O 

0.0218 

40 

1.6926 

0.1237 

0.0247 

0.0372 

60 

1.8009 

0.0574 

O.OI3O 

0.0152 

80 

1.8551 

0.1127 

0.0227 

0.0330 

HBX 

20 

1.7926 

0.2843 

0o0536 

0.1174 

30 

1.79^2 

0.4483 

0.0850 

/ 

0.2307 

40 

2.0134 

0.1251 

0.0249 

0.0377 

60 

2.0676 

0.2910 

0.0548 

0.1213 

80 

2.2991 

0.0703 

0.0150 

0.0180 

TVS 

20 

1.8160 

0,1559 

0.0311 

0.0516 

30 

1,8231 

0.1177 

0.0231 

0.0342 

40 

1.9311 

0.1250 

0.0244 

0,03.69 

60 

1.9801 

0,1430 

0.0281 

0.0451 

80 

2,0634 

0.0571 

0.0129 

0.0142 
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